An internal 0.9 kb segment of Rhizobium meliloti insertion sequence ISRmZ was used as a probe to determine the distribution of TSRmZ in strains of R. meliloti and other Gram-negative bacteria. The insertion sequence was detected in 800( (1 2/15) of R. meliloti strains from different parts of the world. Its copy number ranged from one to at least eleven. The ISRmZ copies detected showed variation in their internal restriction sites and their degree of homology to the probe. ISRmZ was found in a variety of genomic restriction fragments, and was detected in plasmids, including the nod and e m megaplasmids of R. meliloti. Other rhizobia found to contain ISRmZ were a strain of R. Ieguminosarum biovar phaseoli and two Rhizobium isolates capable of nodulating both Medicago satiria and Phaseolus culgaris. It was also found in a diazotrophic soil bacterium isolated from the roots of wetland rice.
I N T R 0 D IJ C T I 0 N Bacteria of the genera Rhizobium and Bradyrhizohium induce the formation of nitrogen-fixing nodules on the roots of leguminous plants. Bacterial genes involved in this process are frequently associated with plasmids. In R. meliloti, genes required for early stages of nodule formation (nod) and other genes required for nitrogen fixation ( n i J l j x ) are located on a large plasmid known as the nod megaplasmid (Long et al., 1985; Buikema et al., 1983) . A second megaplasmid, the exo megaplasmid, contains genes required for both exopolysaccharide production and symbiotic nitrogen fixation (Finan et al., 1986) .
Insertion sequences have been reported in several Rhizobium and Bradyrhizohium species. In Bradyrhizobiurn sp. (Lupinus), Priefer et al. (1 981) discovered a 1.15 kb insertion sequence, ISRZ, and found that its transposition caused a high rate of mutation in plasmid RP4. Two insertion elements, ISRmZ and ISRm2, have been found in R. meliloti strains Dusha et al., 1987) . Hybridization studies using ISRm2 showed that homologous sequences are also present in R. Ieguminosarum biovars viceae and trijdii (Dusha et al., 1987) . In B. japonicum, repeated sequences structurally similar to insertion sequences have been found clustered around the nlf gene region (Kaluza et al., 1985) . Tnsertion sequences found in rhizobia are of particular interest because of their potential for interaction with genes required for symbiotic nitrogen fixation. ISRmZ and ISRm2 were both discovered as unintended mutagens of nod, n f a n d j x genes during the analysis of symbiotically defective R. meliloti mutants. In particular, ISRmZ has been shown to transpose at high frequency i n t o j x genes on the nod megaplasmid of strain 1021 . This insertion sequence has also been found in R . meliloti JJ 1 c 10, in which it caused nod gene mutations although it did not transpose at a detectable frequency into other genes required for the symbiosis (Wheatcroft & Watson, 1987) . While these studies did not show a direct involvement of insertion sequences in the nitrogen fixation symbiosis, they did indicate that these sequences are relevant to the stability of the process.
In this study we have tested for the presence of TSRmZ in a series of R. meliloti strains as well as in other rhizobia and Gram-negative bacteria in order to determine the extent of its distribution. We have also tested for variation in structure of ISRmZ and its association with plasmids. # These are diazotrophic bacteria proposed to be pseudomonads (Barraquio et al., 1983; Chan et al., 1986;  digests of genomic DNA. Haahtela et al., 1983 Table 1 . Other strains used in this study are shown in Table 2 . Plasmids pRWRml3 and pRWRmlO have been described previously (Wheatcroft & Watson, 1987) . pRWRmlO contains an 8.7 kb EcoRI fragment of R. meliloti JJlclO DNA encoding the nodDABC genes.
Media. TY supplemented with CaCl, (Beringer, 1974) was used for R. meliloti strains and other fast-growing Rhizobium spp. Yeast Mannitol Broth (Vincent, 1970) was used for growth of Bradyrhizobium spp. and Nutrient Broth (Oxoid) for other bacteria; 1.6% (w/v) agar was added for solid medium.
Purijication of DNA. Recombinant plasmid DNA was prepared as previously described (Wheatcroft & Watson, 1987) . The cloned DNA insert of pRWRml3 was excised by double-digestion with EcoRI and BamHI endonucleases, collected on NA45 paper (Schleicher and Schuell) during agarose gel electrophoresis, eluted at 65 "C for 45 min in 0.25 ml 2 M-NaCI, 1.0 mM-Na,EDTA, 20 mM-Tris/HCl (pH 8.0) and precipitated with ethanol. Genomic (total cellular) DNA was isolated from 5 ml bacterial cultures by the method of Marmur (1961) modified to include a treatment with proteinase K (0-2 mg ml-', Sigma) prior to extraction with phenol and chloroform/isoamyl alcohol (24 : 1, v/v). Restriction enzymes were obtained from Boehringer Mannheim Canada. D N A probing. Plasmids were detected as described by Eckhardt (1978) . Restriction fragments from the digestion of 1-2 pg genomic DNA were separated by gel electrophoresis (Maniatis et al., 1982) . After alkalidenaturation, DNA was transferred to BA85 nitrocellulose filters (Schleicher and Schuell) by blotting (Southern, 1975) and dried at 80 "C for 2 h under vacuum. Nick-translation was done as described by Rigby et (11. (1977) , using deo~ycytidine-5'-[~~P]triphosphate (3000 Ci mmol-' ; 1 1 1 TBq mmol-I) from Dupont Canada. Hybridization was done in 50% (v/v) formamide at 42 "C, but otherwise as described by Botchan et al. (1976) . Kodak XAR-2 film was used for autoradiography.
RESULTS AND DISCUSSION
Distribution of ISRml in R. meliloti Genomic DNA of the R. meliloti strains listed in Table 1 was probed with the 0.9 kb internal segment of ISRml shown in Fig. 1 . Sequences homologous to ISRml were found in 80% (1 21 15) of isolates from different locations in the world (Fig. 2a) . These results were compared with those obtained for a set of isolates from one location near Ottawa (Fig. 2 6) . Fewer of these local isolates (50%; 9/18) were found to have DNA homologous to ISRml than those obtained from around the world. These data show that ISRml occurs frequently in R. meliloti, although populations from different sites may be expected to vary in the degree to which ISRrnl is established within them.
The apparent copy number of ISRml in the strains tested is shown in Table 1 . Three strains, NRG185, MBA28 and BT5, contained at least 11 copies of ISRml, but the average number detected was four. ISRml was found in a variety of restriction fragments, indicating that it is capable of transposition to many sites in the R. meliloti genome. However, ISRml transposition is not completely random, since a degree of site-specificity has been demonstrated previously Wheatcroft & Watson, 1987) .
Variation in the structure of ISRml in the strains in which it was detected was investigated by testing for the presence of the 0-9 kb internal segment of ISRml shown in Fig. 1 . If all the ISRml copies in a strain contain this segment then double-digestion of its DNA with Bgfl and EcoRV should result in a single 0.9 kb band of hybridization with the ISRml probe, irrespective of the number of ISRmf copies in the strain. A single 0.9 kb BgZI-EcoRV band was observed for R. meliloti JJlclO (Fig. 3) and its ISRml-transposition derivative 4D3, from which the probe fragment was originally cloned. Of the 21 strains in which ISRml was detected only seven gave the same result (e.g. MBA9, Fig. 3) . Six strains showed a 0.9 kb band together with at least one other band, indicating the presence of a variant of ISRml ; strains N RG 185 and MB6 are of this type (Fig. 3) . Eight strains, such as 1-6-5 and BT5 (Fig. 3 ) gave no 0.9 kb band of hybridization.
Overall, about half (51/93) of the sequences homologous to ISRml detected in these strains were shown to contain the 0.9 kb BgZI-EcoRV segment. Since ISRmZ lacking this characteristic occurs in multiple copies in some strains, these variants of ISRmZ are probably capable of transposition. It also appears that ISRml copies exist with different degrees of homology to the probe, since in some cases differences in the degree of hybridization between strains, or between bands from one strain, were observed (Fig. 2) .
All the R. meliloti strains tested contain plasmids of various sizes. By probing blots of Eckhardt gels ISRml has been detected in plasmid bands, including the megaplasmid band (data not shown). In mutants of JJlclO and 1021, ISRml is known to have transposed into nodulation and nitrogen fixation genes on the nod megaplasmid Wheatcroft & Watson, 1987) . To determine whether ISRml copies are present on these megaplasmids in the parent strains, Agrobacterium tumefuciens exconjugants carrying individual megaplasmids from JJlclO and 1021 were used (Table 2) . ISRml-probing of DNA from the A. tumefaciens derivatives demonstrated that ISRml is present in the nod megaplasmid from both R. meliloti parent strains. Similarly the presence of ISRml copies was demonstrated in the ex0 megaplasmid from strain 1021 (Fig. 4) . These data indicate that ISRml is distributed throughout the R. meliloti genome. The ISRml copies within the R. meliloti megaplasmids may provide useful markers for their genetic manipulation. Distribution of ISRml in other bacteria Genomic DNA of 14 strains of Rhizobium and Bradyrhizobium species other than R. meliloti (Table 1) was tested for homology to ISRml. Hybridization to the probe was detected in three strains, namely R. leguminosarum biovar phaseoli CFN-Rph2 15 and two strains not yet assigned to a species, 172 and 191 ( Fig. 5 ). Since hybridization to DNA of the three non-R. meliloti strains was weak, only a distant relatedness of the hybridizing species is suggested. Neither 172 nor 191 is readily classified according to convention because both form nodules with plants of two symbiotic compatibility groups, namely Medicago sativa and Phaseolus vulgaris, used to distinguish R. meliloti and R. leguminosarum biovar phaseoli respectively (Eardly et al., 1985) . Eckhardt gels showed multiple plasmid bands in strains 172 and 191. At least part of the homology to ISRml was associated with plasmids comparable in size to the megaplasmids of R. meliloti (Fig. 6 ). It may be more than coincidental that strains 172 and 191 have a host-range which spans that of R. meliloti and R. leguminosarum biovar phaseofi, the only two taxonomic types of Rhizobium in which ISRml-homology was detected. Of 11 strains in five genera other than Rhizobium or Bradyrhizobium, ISRml-homology was detected in only one. Genomic DNA of strain H8, a diazotrophic bacterium isolated from the rhizosphere of wetland rice, gave three bands of hybridization with the ISRml-probe (Fig. 5 ). Probing blots of Eckhardt gels prepared using H8 showed that ISRml is located on a plasmid about 50 kb in size; two other plasmids, about 100 kb and 500 kb, were also detected ( Fig. 6 ).
H8 has been found to be most closely related to the taxonomic group referred to as Rhizobium-Agrobacterium cluster 2 (Jarvis et al., 1986) by DNA-rRNA homology (J. De Ley, personal communication) and by other phenotypic characteristics (I. Watanabe, personal communica-tion). We tested the genomic DNA of H8 for homology to pRWRm1O encoding the nodulation genes nodDABC, since these genes are common to most species of Rhizobium and Bradyrhizobium (Rodriguez-Quinones et al., 1987) . No homology was detected, indicating that H8 is not a Rhizobium or Bradyrhizobium and that ISRml is naturally present in bacteria outside these genera. However, it is interesting that H8 is a nitrogen-fixing bacterium and that ISRml has only been detected in bacteria with this ability.
In conclusion, it appears that ISRml is primarily associated with R . meliloti, although some dispersion to related bacteria has occurred. ISRrnl copies are frequently plasmid-borne, and plasmids have probably played an important role in the transfer of ISRml between strains. Copies of ISRml have been located on megaplasmids in which genes for symbiotic nitrogen fixation occur. However, ISRml would not appear to be significant for nitrogen fixation per se, since it is not present in all R. meliloti strains. Nonetheless, it is probably important as a widespread and frequently-occurring mutagen capable of disrupting genes which are essential for the symbiosis.
